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DESCRIPTION 

VEHICLE AND CONTROL METHOD OF VEHICLE SLIP-DOWN VELOCITY 

Technical Field 

The present invention relates to a vehicle and a control 
method of the vehicle. More specifically the invention 
pertains to a vehicle equipped with a power output device that 
is capable of outputting a driving force to a drive shaft linked 
with drive wheels, as well as to a control method of a vehicle 
equipped with a power output device that is capable of 
outputting a driving force to a drive shaft linked with drive 
wheels and with a mechanical braking device that is capable 
of applying a mechanical braking force to the vehicle. 

Background Art 

A proposed electric vehicle controls a motor linked with 
wheels to stop the vehicle in response to detection of a 
slip-down of the vehicle on an ascending slope (for example, 
see Japanese Patent Laid-Open Gazette No. 7-322404). This 
prior art vehicle specifies a slip-down state of the vehicle 
when the rotating direction of the motor is reverse to a 
gearshift position in a forward direction, and regulates the 
output torque of the motor to stop the vehicle with a slight 
step-on of an accelerator pedal. 

This prior art vehicle, however, can not adequately 
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respond to the occurrence of a slip on an ascending slope with 
the road surface of a low \x value. In the case of the occurrence 
of a slip, the general control restricts the output torque of 
the motor to reduce the slip. It is thus extremely difficult 
5 to prevent a slip-down of the vehicle on the ascending slope 
by jugulating the output torque of the motor. 

Disclosure of the Invention 

The vehicle and the control method of the vehicle of the 

10 invention thus aim to eliminate the drawbacks of the prior art 
technique and to regulate the velocity of a slip-down of the 
vehicle while reducing a slip on a road surface with a gradient. 
The vehicle and the control method of the vehicle of the 
invention also aim to ensure practically constant drive feeling, 

15 regardless of a road surface gradient. 

In order to attain at least part of the above and the 
other related objects, the invention is directed to a vehicle 
and a control method of the vehicle as discussed below. 

A vehicle of the present invention is equipped with a 

20 power output device that is capable of outputting a driving 
force to a drive shaft linked with drive wheels, and the vehicle 
includes: a mechanical braking device that is capable of 
applying a mechanical braking force to the vehicle; a slip 
detection module that detects a slip caused by spin of the drive 

25 wheels; a slip-down detection module that detects a slip-down 
of the vehicle; and a controller that actuates and controls 
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the power output device to restrict the driving force output 
to the drive shaft in response to detection of a slip by the 
slip detection module, while actuating and controlling the 
mechanical braking device to apply a mechanical braking force 
to the vehicle in response to detection of a slip-down of the 
vehicle by the slip-down detection module under restricting 
the driving force output to the drive shaft. 

The vehicle of the invention actuates and controls the 
power output device to restrict the driving force output to 
the drive shaft linked with the drive wheels, in response to 
detection of a slip caused by spin of the drive wheels. In 
response to detection of a slip-down of the vehicle under 
restricting the driving force output to the drive shaft, the 
vehicle of the invention actuates and controls the mechanical 
braking device to brake the vehicle with a mechanical braking 
force. This arrangement effectively regulates the velocity 
of a slip-down of the vehicle under restricting the driving 
force output to the drive shaft due to the occurrence of a slip 
on the road surface with a gradient. 

The vehicle of the invention may include a running 
direction setting module that sets a running direction of the 
vehicle. In the vehicle of the invention, the slip-down 
detection module may include a reverse run detection module 
that detects a reverse run of the vehicle in a reverse direction 
to the running direction of the vehicle set by the running 
direction setting module, and the controller may actuate and 
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control the mechanical braking device to apply a mechanical 
braking force to the vehicle, in response to detection of the 
reverse run by the reverse run detection module under 
restricting the driving force output to the drive shaft. In 
5 this case, the reverse run detection module may include a 
vehicle speed sensor that measures a vehicle speed in the 
reverse direction, and the controller may actuate and control 
the mechanical braking device to apply a braking force 
corresponding to the measured vehicle speed in the reverse 

10 direction. Further, the controller may actuate and control the 
mechanical braking device to make the vehicle speed in the 
reverse direction approach to a preset vehicle speed. This 
arrangement makes the velocity of the slip-down of the vehicle 
converge to the preset vehicle speed. 

15 The vehicle of the invention may include a road surface 

gradient measurement estimation module that either measures 
or estimates a road surface gradient. In the vehicle of the 
invention, the controller may actuate and control the 
mechanical braking device to apply a braking force 

20 corresponding to the measured or estimated road surface 

gradient. This arrangement ensures practically constant drive 
feeling, regardless of the road surface gradient. In this case, 
the vehicle of the invention may further include a running 
direction setting module that sets a running direction of the 

25 vehicle. In the vehicle of the invention, the slip-down 
detection module may include a vehicle speed sensor that 
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measures a vehicle speed in the reverse direction to the running 
direction of the vehicle set by the running direction setting 
module, the road surface gradient measurement estimation 
module may estimate the road surface gradient according to a 
relation between an acceleration of the vehicle and the driving 
force output to the drive shaft, and the controller may actuate 
and control the mechanical braking device to apply a braking 
force corresponding to a product of a balancing force, which 
balances with a force acting in a direction of the slip-down 
of the vehicle based on the relation between the acceleration 
of the vehicle and the driving force output to the drive shaft, 
and a ratio specified according to the measured vehicle speed 
in the reverse direction. In this case, the controller may 
actuate and control the mechanical braking device to make the 
vehicle speed in the reverse direction approach to a preset 
vehicle speed. This arrangement makes the velocity of the 
slip-down of the vehicle converge to the preset vehicle speed. 

In the vehicle of the invention, the mechanical braking 
device may include a brake that applies a mechanical braking 
force to driven wheels, which are different from the drive 
wheels. This arrangement desirably prevents the braking force 
output from the mechanical braking device from interfering with 
the driving force output from the power output device. 

Amethod of the invention is a control method of a vehicle, 
which is equipped with a power output device that is capable 
of outputting a driving force to a drive shaft linked with drive 
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wheels, and with a mechanical braking device that is capable 
of applying a mechanical braking force to the vehicle, and 
includes the steps of: (a) detecting a slip caused by spin of 
the drive wheels; (b) actuating and controlling the power 
5 output device to restrict the driving force output to the drive 
shaft, in response to detection of a slip in the step (a) ; (c) 
detecting a slip-down of the vehicle; and (d) actuating and 
controlling the mechanical braking device to apply a mechanical 
braking force to the vehicle, in response to detection of a 

10 slip-down of the vehicle in the step (c) under restricting the 
driving force output to the drive shaft in the step (b) . 

The control method of the vehicle of the invention 
actuates and controls the power output device to restrict the 
driving force output to the drive shaft linked with the drive 

15 wheels, in response to detection of a slip caused by spin of 
the drive wheels. In response to detection of a slip-down of 
the vehicle under restricting the driving force output to the 
drive shaft, the control method of the invention actuates and 
controls the mechanical braking device to brake the vehicle 

20 with a mechanical braking force. This arrangement effectively 
regulates the velocity of a slip-down of the vehicle under 
restricting the driving force output to the drive shaft due 
to the occurrence of a slip on the road surface with a gradient. 

25 Brief Description of the Drawings 

Fig. 1 schematically illustrates the configuration of 
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a vehicle 20 in one embodiment of the invention; 

Fig. 2 is a flowchart showing a drive control routine 
executed by a main electronic control unit 70 in the vehicle 
20 of the embodiment; 

Fig. 3 is a map showing variations in motor torque Tm* 
against accelerator opening Acc and vehicle speed V; 

Fig. 4 is a flowchart showing a balancing torque setting 
routine executed by the main electronic control unit 70 in the 
vehicle 20 of the embodiment; 

Fig. 5 is a map showing a variation in reflection ratio 
P against vehicle speed V in a reverse direction; 

Fig. 6 schematically illustrates the configuration of 
a vehicle 120 in one modified example; 

Fig. 7 schematically illustrates the configuration of 
a vehicle 220 in another modified example; and 

Fig. 8 schematically illustrates the configuration of 
a vehicle 320 in still another modified example. 

Best Modes of Carrying Out the Invention 

One mode of carrying out the invention is discussed below 
as a preferred embodiment. Fig. 1 schematically illustrates 
the configuration of a vehicle 20 in one embodiment of the 
invention. As illustrated, the vehicle 20 of the embodiment 
includes a motor 22 that utilizes a supply of electric power 
from a battery 26 via an inverter circuit 24 and outputs power 
to a drive shaft 28, which is mechanically linked with drive 
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wheels 62a and 62b via a differential gear 29, and a main 
electronic control unit 70 that controls the whole vehicle. 

The motor 22 is a synchronous motor generator functioning 
as both a motor and a generator. The inverter circuit 24 
5 includes multiple switching elements to convert an input of 
electric power from the battery 26 into an adequate form of 
electric power for driving the motor 22 and output the converted 
electric power. 

Hydraulic brakes 54a, 54b, 56a, and 56b, which are 

10 actuated by means of hydraulic pressure from a brake master 
cylinder 90, are attached to the drive wheels 62a and 62b and 
driven wheels 64a and 64b. Activation and control of a brake 
actuator 52 by a brake electronic control unit (hereafter 
referred to as brake ECU) 50 regulates the braking torques of 

15 the hydraulic brakes 54a, 54b, 56a, and 56b. The brake ECU 
50 is constructed as a microprocessor including a CPU, a ROM 
that stores processing programs, a RAM that temporarily stores 
data, input and output ports, and a communication port, 
although not being specifically illustrated. The brake ECU 

20 50 receives, via its input port/ input signals from various 
sensors, for example, wheel speeds from wheel speed sensors 
34a, 34b, 36a, and 36b that measure rotational speeds of the 
drive wheels 62a and 62b and the driven wheels 64a and 64b. 
The brake ECU 50 outputs control signals to the brake actuator 

25 52 via its output port. The brake ECU 50 establishes 

communication with the main electronic control unit 70 via its 
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communication port to activate and control the brake actuator 
52 in response to control signals from the main electronic 
control unit 70 and to send input data to the main electronic 
control unit 70 according to the requirements. 

The main electronic control unit 70 is constructed as 
a microprocessor including a CPU 72, a ROM 74 that stores 
processing programs, a RAM 76 that temporarily stores data, 
non-illustrated input and output ports, and a non-illustrated 
communication port. The main electronic control unit 70 
receives, via its input port, various input signals including 
a rotational position Ores from a rotational position detection 
sensor 32 (for example, a resolver) that detects the rotational 
position of the drive shaft 28 (the rotating shaft of the motor 
22), a gearshift position SP from a gearshift position sensor 
82 that detects the current position of a gearshift lever 81, 
an accelerator opening Acc from an accelerator pedal position 
sensor 84 that measures a step-on amount of an accelerator pedal 
83, a brake pedal position BP from a brake pedal position sensor 
86 that measures a step-on amount of a brake pedal 85, a vehicle 
speed V from a vehicle speed sensor 88, and a road surface 
gradient 9gr from a slope sensor 89. The main electronic 
control unit 70 outputs switching control signals to the 
switching elements included in the inverter circuit 24 via its 
output port. 

The following describes the operations of the vehicle 
20 of the embodiment constructed as discussed above, especially 
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a series of operations in the event of the occurrence of a slip 
due to the spin of the drive wheels 62a and 62b during a run 
of the vehicle 20 on an ascending slope. Fig. 2 is a flowchart 
showing a drive control routine executed by the main control 
5 unit 70 in the vehicle 20 of the embodiment. This routine is 
carried out repeatedly at preset time intervals (for example, 
8 msec) . 

When the drive control routine starts, the CPU 72 of the 
main electronic control unit 70 first inputs various data 
10 required for control, that is, the accelerator opening Acc from 
the accelerator pedal position sensor 84, the vehicle speed 

V from the vehicle speed sensor 88, a revolution speed Nm of 
the drive shaft 28 , the gearshift position SP from the gearshift 
position sensor 82, and the brake pedal position BP from the 

15 brake pedal position sensor 86 (step S100) . In this embodiment, 
the input of the revolution speed Nm of the drive shaft 28 is 
calculated from the rotational position Ores detected by the 
rotational position detection sensor 32. 

The routine then sets, a motor torque Tm*, which is to 

20 be output from the motor 22, based on the inputs of the 

accelerator opening Acc and the vehicle speed V (step S102) . 
In the structure of this embodiment, variations in motor torque 
Tm* against the accelerator opening Acc and the vehicle speed 

V are specified in advance and are stored as a map in the ROM 
25 74 . The procedure of the embodiment reads and sets the motor 

torque Tm* corresponding to the given accelerator opening Acc 
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and the given vehicle speed V from the stored map. Fig. 3 shows 
one example of this map. 

The routine subsequently calculates an angular 
acceleration a of the drive shaft 28 from the inputs of the 
revolution speed Nm (step S104) . The angular acceleration a 
is computed by subtracting a previous revolution speed Nm input 
in the previous cycle of this routine from a current revolution 
speed Nm input in the current cycle of this routine (current 
revolution speed Nm - previous revolution speed Nm) . The unit 
of the angular acceleration a in this embodiment is [rpm / 8 
msec], as the revolution speed Nm is expressed by the 
revolutions per minute [rpm] and the time interval of execution 
of this routine is 8 msec. Any other suitable unit may be 
adopted to express the angular acceleration as a time variation 
in angular velocity. With a view to reducing a potential error, 
the angular acceleration a may be the average of current and 
past data of the angular acceleration calculated in the current 
and several past cycles (for example, three past cycles) of 
this routine. 

After calculation of the angular acceleration a, the 
routine determines whether a slip occurs due to the spin of 
the drive wheels 62a and 62b (that is, the occurrence or 
non-occurrence of a slip or the convergence or non-convergence 
of a slip) , based on the calculated angular acceleration a (step 
S106) . The occurrence or non-occurrence of a slip may be 
specified by determining whether the angular acceleration a 
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exceeds a predetermined threshold. The convergence or 
non-convergence of a slip may be specified by determining 
whether the angular acceleration a falls to a negative value 
or whether the angular acceleration a remains negative for a 
5 preset time period. Another technique may be adopted for such 
determination . 

In the case of the occurrence of a slip, the routine 
restricts the motor torque Tm* set at step S102 (step S108) . 
Restriction of the motor torque Tm* may subtract a fixed value 
10 from the motor torque Tm* or may subtract a varying value, which 
increases with an increase in degree of the slip, for example, 
an increase in angular acceleration a, from the motor torque 
Tm*. Any other suitable method may be applied to attain the 
restriction . 

15 After the restriction of the motor torque Tm*, the 

routine successively determines whether the current gearshift 
position SP is in a forward drivable range, that is, in either 
a D range or a B range (step S110), whether a balancing torque 
Tgrad corresponding to the road surface gradient is not less 

20 than a predetermined level regarded as an ascending slope (step 
S112), and whether the vehicle runs in a reverse direction 
against the current gearshift position SP in the forward 
direction, that is, whether a slip-down of the vehicle is 
detected (step S114). In this embodiment, the balancing 

25 torque Tgrad is set according to a balancing torque setting 
routine shown in the flowchart of Fig. 4. As shown in Fig. 
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4, in the case of the non-occurrence of a slip and the vehicle 
speed V not equal to zero (steps S150 and S152) , the balancing 
torque Tgrad is set according to Equation (1) given below as 
a torque balancing with a force generated by the weight of the 
vehicle to act in a direction along the road surface gradient 
(step S154). The term •Previous Tm* 1 in Equation (1) 
represents the motor torque Tm* used as the torque output to 
the drive shaft 28 at step S130 in the previous cycle of the 
routine of Fig .2 ' Kl 1 denotes a constant specified according 
to the vehicle weight and the diameter of the wheels. 

Tgrad = Previous Tm* - Kl-a (1) 

When the results of the successive determination at steps 
S110 to S114 show that the current gearshift position SP is 
in either the D range or the B range, that the balancing torque 
Tgrad is not less than the predetermined level, and that the 
vehicle runs in the reverse direction, the routine sets a 
reflection ratio P based on the input vehicle speed V (step 
S116) . In the structure of this embodiment, a variation in 
reflection ratio P against the vehicle speed V is specified 
in advance and is stored as a map in the ROM 74. The procedure 
of this embodiment reads and sets the reflection ratio p 
corresponding to the given vehicle speed V from the stored map. 
Fig. 5 shows one example of this map. In the illustrated 
example, the reflection ratio p is regulated to proportionally 
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increase from a value '0' to a value '1.0' during a rise of 
the vehicle speed V in the reverse direction from zero to a 
preset vehicle speed and to be kept at the value 1 1.0' after 
the vehicle speed V reaches the preset vehicle speed. After 
5 setting the reflection ratio P, the routine calculates a brake 
torque Tb* from the balancing torque Tgrad, the torque output 
to the drive shaft 28 (Previous Tm*), and the reflection ratio 
P according to Equation (2) given below (step S118) . Here the 
brake torque Tb* represents a torque to be applied by the 

10 hydraulic brakes 56a and 56b attached to the driven wheels 64a 
and 64b, which are different from the drive wheels 62a and 62b 
linked with the drive shaft 28 with the motor 22. In Equation 
(2) , , K2 I denotes a conversion coefficient to convert a torque 
on the drive shaft 28 into a torque on the shaft of the driven 

15 wheels 64a and 64b. As clearly understood from Equation (2), 
the brake torque Tb* is set as the product of a torque 
insufficiency relative to the balancing torque Tgrad due to 
the restriction of the motor torque Tm* at step S108 and the 
reflection ratio p. As mentioned above, the reflection ratio 

20 p is kept at the value 1 1.0' after the vehicle speed V in the 
reverse direction reaches the preset vehicle speed. The 
velocity of the slip-down of the vehicle thus converges to a 
value close to the preset vehicle speed. 

25 Tb* = K2-p- (Tgrad - Previous Tm*) (2) 
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After setting the brake torque Tb*, the routine 
successively executes a rate process of the brake torque Tb* 
to attain a smooth increase or decrease in brake torque (step 
S120) and a guard process to guard the brake torque Tb* with 
an upper limit torque Tbmax (step S122) . Here the rate used 
in the rate process may be set equal to 32 Nm / 16 msec for 
the increase in brake torque and 32 Nm / 65 msec for the decrease 
in brake torque. The upper limit torque Tbmax used in the guard 
process may be set as a torque preventing a slip-down of the 
vehicle with two occupants on an ascending slope of 
approximately 14%. 

When it is determined at step S106 that no slip occurs, 
when it is determined at step S110 that the gearshift lever 
81 is not positioned in the forward drivable range, when it 
is determined at step S112 that the balancing torque Tgrad is 
less than the predetermined level, or when it is determined 
at step S114 that the vehicle does not run in the reverse 
direction, the routine specifies no requirement for 
application of a brake torque by the hydraulic brakes 56a and 
56b and sets the value ' 0' to the brake torque Tb* (step S124) . 

The routine subsequently determines whether the driver 
is stepping on the brake pedal 85, based on the current brake 
pedal position BP input at step S100 (step S126) . When it is 
determined that the driver is stepping on the brake pedal 85, 
the routine resets the brake torque Tb* corresponding to the 
current brake pedal position BP for reflection of the driver's 
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requirement, regardless of the setting of the brake torque Tb* 
at step S118 or at step S124 (step S128). 

After setting of the motor torque Tm* and the brake torque 
Tb*, the routine drives and controls the motor 22 with the motor 
torque Tm*, while sending the brake torque Tb* to the brake 
ECU 50 to actuate and control the brake actuator 52 (step S130) . 
The drive control routine is here terminated. The motor 22 
is driven and controlled by outputting the switching control 
signals to the switching elements included in the inverter 
circuit 24. The brake ECU 50 receiving the input of the brake 
torque Tb* outputs a control signal to the brake actuator 52 
to actuate and control the brake actuator 52. 

As one example, it is assumed that a slip occurs during 
a run of the vehicle on an ascending slope with the gearshift 
lever 81 positioned in the D range. In this case, the motor 
torque Tm* required by the driver is restricted at step S108. 
When the restriction causes an insufficiency of the motor 
torque Tm* relative to the road surface gradient (the balancing 
torque Tgrad) in the course of convergence of the slip, a 
reverse run of the vehicle (a slip-down of the vehicle) is 
detected at step S114. In response to the detection, the brake 
torque Tb* is set to make the vehicle speed converge to the 
preset vehicle speed according to the balancing torque Tgrad 
and the vehicle speed in the reverse direction. The brake 
torque Tb* is accordingly applied by the hydraulic brakes 56a 
and 56b on the driven wheels 64a and 64b, which are different 
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from the drive wheels 62a and 62b with the. torque output from 
the motor 22. This enables the velocity of the slip-down of 
the vehicle to converge to the preset vehicle speed. 

As described above, in the vehicle 20 of the embodiment, 
in the event of a slip-down of the vehicle under restricting 
the output torque from the motor 22 due to the occurrence of 
a slip of the vehicle running on an ascending slope, the brake 
torque Tb* generated by the hydraulic brakes 56a and 56b is 
applied to make the velocity of the slip-down of the vehicle 
converge to the preset vehicle speed. The brake torque Tb* 
generated by the hydraulic brakes 56a and 56b is set according 
to the balancing torque Tgrad corresponding to the road surface 
gradient. This technique thus ensures practically constant 
drive feeling, regardless of the road surface gradient. The 
brake torque Tb* is applied to the driven wheels 64a and 64b, 
which are different from the drive wheels 62a and 62b with the 
torque output from the motor 22. This effectively prevents 
the brake torque from interfering with the output torque of 
the motor 22. 

The vehicle 20 of the embodiment sets the balancing 
torque Tgrad corresponding to the road surface gradient 
according to the relation between the angular acceleration a 
and the output torque from the motor 22, and calculates the 
brake torque Tb* from the setting of the balancing torque Tgrad . 
One modified procedure may directly measure the road surface 
gradient with the slope sensor 89 and set the brake torque Tb* 
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according to the observed road surface gradient. 

The vehicle 20 of the embodiment sets the reflection 
ratio (J based on the vehicle speed V in the reverse direction 
and calculates the brake torque Tb* from the balancing torque 
5 Tgrad, the torque output to the drive shaft 28, and the 

reflection ratio p. One modified procedure may directly set 
the brake torque Tb* based on the vehicle speed V in the reverse 
direction, the balancing torque Tgrad, and the torque output 
to the drive shaft 28. 

10 The vehicle 20 of the embodiment sets the reflection 

ratio P based on the vehicle speed V in the reverse direction 
and multiplies the difference between the balancing torque 
Tgrad and the torque output to the drive shaft 28 by the setting 
of the reflection ratio P to set the brake torque Tb*. The 

15 velocity of the slip-down of the vehicle in the occurrence of 
a slip on an ascending slope thus converges to the preset 
vehicle speed. The brake torque Tb* may otherwise be set by 
feedback control to make the velocity of the slip-down of the 
vehicle converge to the preset vehicle speed. 

20 The embodiment discussed above regards the vehicle 20 

equipped with the motor 22 that is mechanically connected to 
directly output power to the drive shaft linked with the drive 
wheels 62a and 62b. The technique of the invention may be 
applied to any vehicle equipped with a power output device that 

25 is capable of outputting power to a drive shaft. For example, 
the technique of the invention is applicable to a series hybrid 
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vehicle including an engine, a generator that is linked with 
an output shaft of the engine, and a motor that utilizes a supply 
of electric power from the generator to output power to a drive 
shaft'. The technique of the invention is also applicable to 
a mechanical distribution-type hybrid vehicle 120 of Fig. 6 
including an engine 122, a planetary gear unit 126 that is 
linked with the engine 122, a motor 124 that is connected with 
the planetary gear unit 126 and generates electric power, and 
a motor 22 that is connected with the planetary gear unit 126 
and is mechanically linked with a drive shaft connecting with 
drive wheels 62a and 62b to output power to the drive shaft. 
The technique is further applicable to an electrical 
distribution-type hybrid vehicle 220 of Fig. 7 including an 
engine 222, a motor 224 that has an inner rotor 224a linked 
with an output shaft of the engine 222 and an outer rotor 224b 
attached to a drive shaft connecting with drive wheels 62a and 
62b and relatively rotates through electromagnetic functions 
of the inner rotor 224a to the outer rotor 224b, and a motor 
22 that is mechanically linked with the drive shaft to output 
power to the drive shaft. The technique is also applicable 
to a hybrid vehicle 320 of Fig. 8 including a motor 22 that 
is linked via a transmission 324 (for example, a continuously 
variable transmission or an automatic step transmission) with 
a drive shaft connecting with drive wheels 62a and 62b, and 
an engine 322 that is linked with a rotating shaft of the motor 
22 via a clutch CL. In the event of the occurrence of a slip 
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on the drive wheels, the control procedure mainly controls the 
motor mechanically linked with the drive shaft by taking into 
account its quick output response and thereby restricts the 
torque output to the drive shaft. Control of another motor 

5 and control of the engine may be carried out in cooperation 
with the control of this motor. 

The embodiment discussed above is to be considered in 
all aspects as illustrative and not restrictive. There may 
be many modifications, changes, and alterations without 

10 departing from the scope or spirit of the main characteristics 
of the present invention. 

Industrial Applicability 

The technique of the invention is applicable to 
15 industries relating to vehicles like automobiles and train 
cars . 



